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Genes to Cells TESHIMA ET Al. be introduced by these compounds (Husgafvel-Pursiainen, 2004) . Another cause of oral carcinogenesis is alcohol (Scully, 2011; Yu et al., 2010) . Acetaldehyde, which is produced from ethanol by the activity of alcohol dehydrogenase, may cause the accumulation of DNA lesions (Yu et al., 2010) , leading to the accumulation of mutations. However, individuals who have not been exposed to these risk factors can also develop oral carcinoma (Scully, 2011) . Moreover, viral infection, such as infection by human papillomavirus or Epstein-Barr virus, is associated with oral carcinogenesis (Kudo et al., 2016; Scully, 2011) . Despite extensive studies, many researchers believe that there are still several unknown risk factors for oral carcinogenesis.
The intense interest in bacteria that induce DSBs in the host is driven largely by connections with carcinogenesis caused by enhanced genome instability. Helicobacter pylori infection is associated with stomach cancers (Hanada & Graham, 2014) ; Salmonella typhi is associated with gallbladder cancers (Koshiol et al., 2016) ; and Chlamydia trachomatis is associated with cervical cancers (Zhu, Shen, Luo, Zhang, & Zhu, 2016) . Interestingly, all of these bacteria can introduce DSBs in host cells (Chumduri, Gurumurthy, Zadora, Mi, & Meyer, 2013; Grasso & Frisan, 2015; . Therefore, these studies imply that infection with a specific type of periodontal pathogen may introduce genome instability in host cells.
In this study, we suggested that infection with specific types of periodontal pathogens may induce DSBs in host cells. Accordingly, we screened periodontal pathogens based on the activity of DSB formation in host cells using pulsedfield gel electrophoresis (PFGE). The screening reveal showed one candidate, Aggregatibacter actinomycetemcomitans Y4; we further investigated DSB formation caused by A. actinomycetemcomitans infection.
| RESULTS

| Formation of DSBs by infection with the periodontal pathogen
A. actinomycetemcomitans
To explore whether infection with periodontal pathogens was involved in DSB formation in host cells, various strains of periodontal pathogens, including A. actinomycetemcomitans Y4, C. rectus ATCC33238 and F. nucleatum ATCC25586, were used to infect SAS cells, a human cell line derived from poorly differentiated squamous cell carcinoma of the tongue, and the accumulation of DSBs was analyzed by PFGE. The same amount of each bacterial culture (at specified densities) was added to tissue culture plates containing SAS cells, and bacterial and SAS cells were co-incubated for 24 or 48 hr. Then, damaged DNA was fractionated by PFGE. Using this method, damaged DNA fragments migrated into the agarose gel, whereas intact DNAs were stacked in the well (Hanada et al., 2006) . The induction of DSBs was observed only after infection with A. actinomycetemcomitans, whereas clear induction of DSBs was not observed after infection with C. rectus and F. nucleatum (Figures 1a, . As the SAS cells were established from the cancer, we needed to rule out a possibility that the induction of DSBs after infection with A. actinomycetemcomitans might occur only in SAS cells. Therefore, A. actinomycetemcomitans was infected to SV40-transformed fibroblast cells (MRC5), and the induction of DSBs after infection was analyzed with PFGE. We could confirm that A. actinomycetemcomitans infectioninduced DSB formation in MRC5 cells as well as in SAS cells (Figure 1c ). From these results, it was still unclear whether broken DNA fragments produced by infection with A. actinomycetemcomitans were indeed human chromosomes. As human cells were cocultured with bacteria, the fraction of damaged DNA may contain bacterial DNA. To address this, human chromosomal DNAs were prelabeled with iododeoxyuridine (IdU) for 24 hr, causing only human chromosomes to be labeled with IdU. Then, cells were infected with unlabeled A. actinomycetemcomitans and incubated for 36 hr. After the fractionation of damaged DNA fragments by PFGE, DNA fragments were transferred to nylon membranes, and IdU-incorporated DNA fragments, which represented human chromosomes, were seen by immunoblotting of IdU antibody. As damaged DNA fragments were stained during immunoblotting, we found that the damaged DNA fragments that had accumulated after infection with A. actinomycetemcomitans originated from human chromosomes. In contrast, the samples containing only A. actinomycetemcomitans chromosomes showed only intact DNA in EtBr staining and did not show any band on IdU immunoblotting (Figure 1d, e) . This result suggests that broken DNA fraction detected by PFGE originated from human chromosomes. To rule out the possibility that DSBs induced by infection with A. actinomycetemcomitans were a result of apoptotic chromosome fragmentation, we assessed whether cotreatment with the caspase inhibitor Z-VAD-FMK could suppress the accumulation of DSBs induced after infection with A. actinomycetemcomitans. The accumulation of DSBs was not suppressed by cotreatment with Z-VAD-FMK (Figure 1f) , suggesting that accumulation of DSBs after infection with A. actinomycetemcomitans was independent of apoptotic chromosomal fragmentation.
To confirm this phenomenon using an alternative method, the appearance of γ-H2AX, which represents the presence of double-strand breaks, was analyzed using immunofluorescent staining. As bacterial infection causes dissociation of cells from cover slips, we had set lower MOIs, compared to PFGE. MOIs of each experiment were indicated in the figure legends. After infection with A. actinomycetemcomitans, γ-H2AX foci appeared only after infection with A. actinomycetemcomitans | Genes to Cells TESHIMA ET Al.
( Figure S1E ). Next, the rate of γ-H2AX-positive cells after infection with each periodontal pathogen was quantified, and only infection with A. actinomycetemcomitans increased the rate of γ-H2AX-positive cells ( Figure S1F ). This result supported that infection with A. actinomycetemcomitans induced DSB formation in host cells. Next, time course experiment was carried out. γ-H2AX-positive cells started to appear from 24 hr after infection and continued until 72 hr (Figure 2a,b) . Broken DNA was observed from 24 hr after infection and continued until 72 hr in PFGE (Figure 2c ). Genes to Cells
Based on these results, we conclude that infection with A. actinomycetemcomitans induced DSB formation in host cells independent of apoptotic chromosomal fragmentation.
| Infection with A. actinomycetemcomitans, C. rectus and F. nucleatum induced IL-8 production in tissue culture dishes
Although only A. actinomycetemcomitans caused induction of DSBs in host cells, the lack of DSB formation by C. rectus and F. nucleatum may have been related to reduced infection of host cells in the tissue culture dishes. Indeed, mammalian media and culture conditions are not suitable for these bacteria, which typically grown under anaerobic conditions. Therefore, to examine whether these bacteria could successfully infect host cells under tissue culture conditions, the primary responses of the host cell to bacterial infection were investigated. As epithelial cells produce IL-8 after infection, we analyzed IL-8 levels by ELISA. The production of IL-8 was increased by 5.9-fold after infection with A. actinomycetemcomitans compare with that in the uninfected control. Additionally, IL-8 production was increased by 4.6-and 88-fold after infection with C. rectus and F. nucleatum, respectively (Table 1 ). This result suggested that the periodontal pathogens used in this study could infect host cells and induced inflammation under tissue culture conditions.
| NF-κB response after infection with periodontal pathogens
The amount of reactive oxygen species (ROS) present in cells is regulated by NF-κB (Morgan & Liu, 2011) . The mechanism through which DSBs accumulated after infection with A. actinomycetemcomitans could be related to the overproduction of ROS because hydrogen radicals, a common type of ROS, can cleave the phospho-di-ether bond of the DNAs strand. To address this possibility, the status of NF-κB activation after infection by periodontal pathogens was investigated. Inactive NF-κB remains in the cytoplasm; however, once NF-κB is activated, the p65 subunit translocates into the nucleus and acts as a transcription factor, resulting in the activation of genes involved in inflammatory responses against pathogens. As the appearance of ROS induces the nuclear translocation of the p65 subunit of NF-κB, p65 nuclear translocation was analyzed after infection by periodontal pathogens. Infection with A. actinomycetemcomitans and F. nucleatum induced the nuclear translocation of p65, whereas infection with C. rectus did not (Figure 3e ). This suggests that A. actinomycetemcomitans and F. nucleatum infection activated the NF-κB pathway in tissue culture dishes. In addition, the correlation between p65 nuclear translocation and the appearance of γ-H2AX was Genes to Cells
investigated. Among C. rectus-and F. nucleatum-infected cells, the appearance of γ-H2AX was not observed, even in cells with p65 nuclear translocation (Figure 3b,c) . In contrast, A. actinomycetemcomitans infection resulted in high proportions of γ-H2AX-positive cells. No clear correlation between the appearance of γ-H2AX and p65 nuclear translocation was observed ( Figure 3a ). This implied that the DSB formation induced by infection with A. actinomycetemcomitans was independent of the NF-κB-dependent inflammatory response. Based on these results, we concluded that infection with A. actinomycetemcomitans induced DSB formation in host cells, which occurred independently of apoptosis and ROS produced by inflammatory responses.
| Involvement of cytolethal distending toxin (CDT) on A. actinomycetemcomitans infection-induced DSB formation
The CDT is a bacterial genotoxin that contains the nuclease motif homologous to DNase I, and nuclease activity of CDTs is involved in DSB formation in affected mammalian cells (Grasso & Frisan, 2015) . As A. actinomycetemcomitans has genes encoding CDTs, one possibility is that CDTs released from A. actinomycetemcomitans Y4 may cause DSB formation (Sugai et al., 1998) . As CDTs are secreted from pathogenic bacteria, only the supernatant of bacterial culture may induce DNA breaks. First, we examined whether the supernatant of bacterial culture causes DNA breaks or not. As HeLa cells were used in the previous study, the supernatant of bacterial culture was added on HeLa cells and cell morphological changes were analyzed with microscopy. Morphological changes of HeLa cells were observed by adding the supernatant of bacterial culture as well as bacterial culture with live bacteria ( Figure S2A ). The supernatant of bacterial culture contained CDTs. Next, γ-H2AX foci formation was analyzed after adding the supernatant of bacterial culture. γ-H2AX foci formation was induced after addition of the bacterial supernatant as well as bacterial culture both in SAS a cells and HeLa cells (Figures 4a,b and S2B ). These results suggest that CDT is involved in DNA breaks in host cells. DSB formation was also observed by PFGE. Unlike γ-H2AX foci formation, broken DNA fractions only appeared after infection with bacteria, not after adding the bacterial supernatant (Figures 4c and  S2C )*. This result indicates two possibilities. One is simply due to the issue of sensitivity to detect DSBs in the two assays. In γ-H2AX detection, single DSB is enough to give big signals. In contrast, PFGE could detect DNA fragments, which released by two adjacent DSBs at a chromosomal level. Therefore, this is less sensitive to detect DSBs compared γ-H2AX staining. Another possibility is that CDTs may induce SSBs, which is consistent with previous knowledge. SSBs induced by the supernatant of bacterial culture might be repaired quickly by SSB repair pathways, whereas the certain number of SSBs might be maintained by infection because living bacteria continuously supplies CDTs. One question is how DSB occurs by infection with A. actinomycetemcomitans. One possibility is that the progression of DNA replication fork over CDT-induced SSBs sites would result in DSB formation. To address this, cell cycle of SAS cells was blocked at G1/S phase with thymidine treatment, and accumulation of DSBs was analyzed with PFGE. As expected, DSBs induced by infection with A. actinomycetemcomitans were completely disappeared by cotreatment with thymidine ( Figure 
| DISCUSSION
The development of peptic cancers, including oral gingival cancers, requires both chronic inflammation and genome instability. In the case of oral carcinogenesis, chronic inflammation must be maintained by long-term infection with periodontal pathogens. However, the mechanism through which genome instability accumulates in gingival cells is poorly understood. To address this, we suggested that some periodontal pathogens possess the ability to induce genome instability in host cells. Accordingly, we explored periodontal pathogens involved in the formation of DSBs in host cells. In this study, we succeeded in identifying one candidate, A. actinomycetemcomitans Y4, a Gram-negative bacterium often found in localized aggressive periodontal diseases (DiRienzo & McKay, 1994; Taichman, Dean, & Sanderson, 1980) . Previous studies have suggested that A. actinomycetemcomitans produces leukotoxin A, which selectively kills cells expressing integrin beta-2 (CD18), such as granulocytes and monocytes (Kachlany, 2010) . However, the cytotoxic effects of leukotoxin A in CD18-negative cells, such as epithelial cells, are quite mild. Decreased cell proliferation and increased apoptosis are observed only when high concentrations of leukotoxin A are used (Dietmann et al., 2013) . Based on these studies, leukotoxin A is considered to be involved in killing immune cells to avoid immunological attack from the host. Here, we found that A. actinomycetemcomitansinfected SAS cells, which were established from epithelial cells and were considered to be CD18-negative. Moreover, we found that DSBs accumulated after infection (Figure 1a ). DSBs were started to appear from 12 hr after infection and continued to accumulate 72 hr. Meanwhile, inoculated A. actinomycetemcomitans did not grow in the DMEM medium but live bacteria were observed by 72 hr. This indicates that DSB accumulations in infected cells resulted from the continuous attack of bacteria. As the accumulation of DSBs after infection with A. actinomycetemcomitans was not suppressed by the apoptosis inhibitor Z-VAD-FMK, DSB formation occurred independently of apoptotic chromosome fragmentation (Figure 1f) . Moreover, because bacterial infection resulted in production of ROS, DSBs may have formed through cleavage of DNA strand by hydrogen radicals, a type of ROS. However, we could not show a clear correlation between γ-H2AX formation and p65 nuclear translocation after infection with A. actinomycetemcomitans (Figure 3e ). This result suggested that accumulation of DSBs induced by infection with A. actinomycetemcomitans must be independent of ROS function. In contrast, although infection with F. nucleatum showed higher IL-8 production and p65 nuclear translocation, we could barely detect the accumulation of DSBs induced by the infection (Figures 3c and  S1B,F) . These results indicated that ROS production was not correlated with DSB formations. Based on these results, we suggested that infection with A. actinomycetemcomitans could induce DSBs and that this process required neither apoptotic chromosome fragmentation nor ROS produced by the inflammatory response. In contrast, our results suggested that DSBs induced by infection with A. actinomycetemcomitans were depended on Cytolethal Distending Toxin (CDTs) (Figure 4) .
The CDT has been discovered in culture filtrates obtained from bacterial strains causing diarrhea (Johnson & Lior, 1988a , 1988b . CDT is produced by several pathogenic bacteria and considered as a virulence factor (Fedor et al., 2013) . Historically, the toxin name is directly linked to its effect on mammalian cells as CDT induces progressive nuclear and cytoplasmic distension, leading to DSBs, cell cycle arrest and cell death (Gelfanova, Hansen, & Spinola, 1999; Sugai et al., 1998) . Here, we have investigated three periodontal pathogens. Although A. actinomycetemcomitans Y4 possesses CDT, neither C. rectus nor F. nucleatum possess CDT-encoding genes (Yamano et al., 2003) . The CDT is a genotoxin produced by a several pathogenic bacteria, such as S. typhi, some species of pathogenic E. coli, and A. actinomycetemcomitans (Grasso & Frisan, 2015; Nougayrede et al., 2006; Sugai et al., 1998) . The CDT contains the nuclease motif which is homologous to DNase I (Elwell & Dreyfus, 2000) , and the endonuclease activities of CDTs were shown in the previous studies (Elwell & Dreyfus, 2000) . At the low dose of CDTs, CDTs increase SSBs, and DSB formation occurs by the progression of DNA replication fork over SSB sites in S phase (Bezine, Vignard, & Mirey, 2014; Fedor et al., 2013) . Sugai et al. showed that A. actinomycetemcomitans Y4 has genes responsible for CDTs, and the supernatant of bacterial culture induced not only morphological changes but also G2/M arrest in HeLa cells (Sugai et al., 1998) .
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In this study, we could reproduce morphological changes in HeLa cells by adding the supernatant of bacterial culture ( Figure  S2 ). Therefore, we judged that the supernatant of bacterial culture contains CDTs (Yamano et al., 2003) . This supernatant also induced γ-H2AX foci formation (Figures 4a,b and S2B) . However, the percentages of γ-H2AX-positive cells were intermediate between untreated and bacterial infection (Figure 4b) . While, analysis of DSBs by PFGE showed slightly different results. Broken DNA fractions were only appeared after infection of living bacteria (Figures 4c and S2C ), but were completely abolished by cotreatment with thymidine (Figure 4d ). These results suggest that DSB formation is dependent on the progression of DNA replication forks. Judging from these results, CDTs of A. actinomycetemcomitans Y4 induces SSB formation. In case of addition of the supernatant of bacterial culture, the limited number of SSBs might be induced by CDTs in the supernatant of bacterial culture, and even they produced, they might be quickly repaired by SSB repairs. In contrast, in case of infection with living bacteria, bacteria can contact target cells and continuously supply the higher amount of CDTs, and this results in higher percentages of affecting cells and continuous SSB formations. Some remained SSBs are converted to DSBs by the progression of DNA replication forks over the SSB sites. Previously, we found a similar phenomenon after infection with the carcinogenic bacterium H. pylori . Infection with H. pylori induced the accumulation of DSBs in host cells, but H. pylori does not have CDTs. A similar phenomenon was also observed after infection with pathogenic group B2 E. coli, S. typhi and C. trachomatis (Grasso & Frisan, 2015; Nougayrede et al., 2006) . These bacteria have CDTs (Grasso & Frisan, 2015) . Certainly, infection with specific types of bacteria induces genome instability in host cells. Moreover, chronic and severe gingivitis increases the incidence of oral carcinogenesis. To prevent oral carcinogenesis, control of gingivitis, particularly reduction of carcinogenic species, is essential. A. actinomycetemcomitans Y4 is a candidate carcinogenic species. Additionally, we expect that many species that can increase genome instability in host cells have not yet been identified. We will continue to carry out screening assays to attempt to identify these pathogens in our future studies. The findings of this study will improve our understanding of mechanisms for the prevention of oral cancers.
| EXPERIMENTAL PROCEDURES
| Bacterial strains, cell lines and growth conditions
A. actinomycetemcomitans Y4, Campylobacter rectus ATCC33238 and Fusobacterium nucleatum ATCC25586 strains were used in this study. A. actinomycetemcomitans Y4 was cultivated in Todd Hewitt Broth with 1% yeast extract. C. rectus ATCC33238 was cultivated in brain-heart infusion (BHI) with 10% fetal bovine serum (FBS; Sigma-Aldrich, St.
Louis, MO, USA), 6% sodium formate (pH 7.0) and 0.6% fumaric acid (pH 7.0). F. nucleatum ATCC25586 was cultivated in BHI medium with 10% FBS. These bacterial strains were cultivated at 37°C under anaerobic conditions. The SAS cell line was derived from a poorly differentiated human squamous cell carcinoma of the tongue. The cell line was purchased from the American Type Culture Collection and was preserved at the Department of Oral and Maxillofacial Surgery, Faculty of Medicine, Oita University. SAS cells were cultured in Dulbecco's modified Eagle medium with 10% FBS (Sigma-Aldrich) at 37°C in an atmosphere containing 5% CO 2 .
HeLa cells were cultured in Minimum Essential Medium with 10% FBS (Gibco) at 37°C in an atmosphere containing 5% CO 2 . The MRC-5sv cells were cultured in Dulbecco's modified Eagle medium with 10% FBS (Sigma-Aldrich) at 37°C in an atmosphere containing 5% CO 2 .
| PFGE
Subconfluent cells were infected with periodontal pathogens and bacterial supernatant; after clarification by centrifugation (10,000 g, 20 min), culture supernatants were filtered (0.2 mm pore size filter), at different multiplicities of infection (MOIs). In cases in which mammalian chromosomes were analyzed by immunostaining, subconfluent cultures of cells were initially labeled with 10 μM IdU for 24 hr before infection. In cases to examine cell cycle effects on DSB formation, 20 mM thymidine was incubated for 12 hr before infection, and then, accumulation of DSBs was analyzed by PFGE after 24-hr incubation (Figure 4c ). Conditions for PFGE were previously described (Hanada et al., 2007 Kawashima et al., 2017) . Briefly, cells were harvested after 6, 12, 24, 48 and 72 hr of incubation with periodontal pathogens and bacterial supernatant and embedded in 0.5% agarose plugs. Agarose plugs containing 2 × 10 6 cells/100 μl were prepared with a contourclamped homogeneous electric field disposable plug mold (Bio-Rad Laboratories, Hercules, CA, USA). The cells were lysed in lysis buffer (1 mg/ml proteinase K, 100 mM ethylenediaminetetraacetic acid [EDTA], 0.2% sodium deoxycholate, 1% sodium lauryl sarcosine) for 24 hr at 37°C. Electrophoresis were carried out at 13°C for 23 hr in 0.9% agarose containing 0.25× Tris-borate-EDTA buffer using a Rotaphor PFGE system (Biometra, Göttingen, Germany) with the following parameters: voltage, 120-180 V log; linear angle, 110°-120°; and time interval, 5-30 s log. Gels were stained with ethidium bromide and imaged on a Typhoon FLA7000 scanner (GE Healthcare, Chicago, IL, USA). Semi-quantitative analysis was carried out by ImageQuant (GE Healthcare). Means and SEs were determined from three independent experiments. Student's t test was used for statistical analysis. After PFGE, the EtBr-stained gel was exposed to 2 kJ/m 2 UV light (258 nm). Following UV-irradiation, the gel was | Genes to Cells
treated with denaturation buffer (0.5 N NaOH, 1.5 M NaCl) for 1 hr and with neutralization buffer (1 M Tris-Cl [pH 7.6], 1.5 M NaCl) for 1 hr. DNA was then transferred to Hybond-N+ membranes (GE Healthcare Life Science) using 20× SSC buffer (3 M NaCl, 0.3 M trisodium citrate) overnight. Transferred DNAs were cross-linked using a UV cross-linker (1.2 kJ/m 2 ; UVP LLC, Upland, CA, USA). Membranes were treated with blocking buffer (5% skim milk, 0.1% Tween-20 in phosphatebuffered saline [PBS]) for 1 hr and then incubated with mouse anti-BrdU antibodies (1:5,000; BU-44; BD Biosciences, San Jose, CA, USA) overnight at 4°C. Membranes were then washed three times with 0.1% Tween-20 in PBS. Alkaline phosphatase (AP)-conjugated donkey anti-mouse antibodies (1:10,000; Jackson Immuno Research, West Grove, PA, USA) in PBS containing 0.1% Tween-20 were added to the membranes and incubated overnight at 4°C. Membranes were washed three times with 0.1% Tween-20 in PBS. Signals were then seen with BCIP/NBT solution (Roche Applied Sciences, Penzberg, Germany) in AP buffer (100 mM Tris-Cl [pH 9.5], 100 mM NaCl, 50 mM MgCl 2 ).
| Immunofluorescent staining
SAS cells, MRC-5sv cells and HeLa cells were cultured on gelatinized coverslips overnight (Fisherbrand, Leicestershire, UK) and then infected with bacteria and bacterial supernatant. MOIs were indicated in figure legends. After various incubation times, the cells were fixed with 2% paraformaldehyde in PBS for 15 min at room temperature. Cells were permeabilized for 10 min three times in 0.25% Triton X-100 in PBS. Mouse anti-γ-H2AX (H2AX with phosphorylated Ser-139) antibodies (1:200; Millipore, Billerica, MA, USA) and rabbit antinuclear factor (NF)-κB p65 antibodies (1:200; Abcam, Cambridge, UK) were used as primary antibodies. Alexa Fluor 594-conjugated goat anti-rabbit IgG (1:200; Life Technologies, CA, USA) and Alexa Fluor 488-conjugated goat anti-mouse IgG (1:200; Life Technologies) were used as secondary antibodies. Antibodies were incubated in PBS with 0.15% glycine and 0.5% bovine serum albumin. Coverslips were mounted in Vectashield containing 4′-6-diamidino-2-phenylindole (Vector Laboratories, Burlingame, CA, USA). Fluorescent images were seen using a Leica TCS SP8 STED. For the quantification, 200 cells were analyzed from each experiment. In cases, we could find more than 50 foci of γ-H2AX, we judged these cells were γ-H2AX-positive cells. Means and SEs were determined from three independent experiments. Student's t-test was used for statistical analysis.
| Enzyme-linked immunosorbent assay (ELISA) analysis
SAS cells were plated in six-well plates and cultured up to 80% confluence. Cells were then infected with periodontal pathogens. Bacterial density in the coculture was adjusted to an MOI of 100-280 (MOI: A. actinomycetemcomitans: 200 Fusobacterium nucleatum: 100 Campylobacter rectus: 280) at 0 hr of coculture. After 24 hr, supernatants from each coculture were collected and stored at −80°C until measurement of interleukin (IL)-8 was carried out. The amount of IL-8 was measured using a human IL-8 ELISA kit (Affymetrix eBioscience, San Diego, CA, USA), according to the manufacturer's instructions. For the final detection, absorbance at a wavelength of 450 nm was measured and quantified using a plate reader (Multiscan Ascent; Thermo Scientific, Waltham, MA, USA). Data were expressed as the fold increase of treated samples versus the control. Means and SDs were determined from three independent samples. Student's t-test was used for statistical analysis.
